In family Lemuridae, anatomical variations exist. Considering its conservation status (near threatened) and presence of similarities between strepsirrhines and primitive animals, it was thought to be beneficial to describe the gross osteology and radiographic anatomy of the pelvis and hind limb of ring-tailed lemurs (Lemur catta) as a reference for clinical use and species identification. Radiography was performed in 14 captive adult ring-tailed lemurs. The radiographic findings were correlated with bone specimens from 2 two adult animals. Additionally, computed tomography of the hind limbs was performed in one animal. The pelvic bone has a well-developed caudal ventral iliac spine. The patella has a prominent tuberosity on the cranial surface. The first metatarsal bone and digit 1 are markedly stouter than the other metatarsal bones and digits with medial divergence from the rest of the metatarsal bones and digits. Ossicles were seen in the lateral meniscus, inter-phalangeal joint of digit 1 and in the infrapatellar fat pad. Areas of mineral opacity were seen within the external genitalia, which are believed to be the os penis and os clitoris. Variations exist in the normal osteology and radiographic appearance of the pelvis and hind limb of different animal species. The use of only atlases from domestic cats and dogs for interpretative purposes may be misleading.
Introduction
The ring-tailed lemur (Lemur catta) is primarily distributed in south and south-western Madagascar (Budnitz and Dainis, 1975) . It is classified as a near-threatened species by the International Union for Conservation and Nature (IUCN, 2012) .
It belongs to order; Primata, suborder; Strepsirrhini, family; Lemuridae and genus;
Lemur (Nowak, 1999) . Strepsirrhines are characterized by retaining primitive characteristics such as a pointed muzzle, rhinarium, tapetum lucidum, bicornuate uterus, small brain case, epitheliochorial placenta, open eye sockets and prominent scent glands (Jungle, 2003; Ankel-Simons, 2007) . Most of them do not look like monkeys, but rather resemble more primitive animals (Ankel-Simons, 2007) . Like other primates, strepsirrhines have flat nails in most of the digits, the hind limbs are longer than the forelimbs and they have a high degree of orbital frontality (Ankel-Simons, 2007) . 
Pelvis
The pelvic bone has a prominent short pelvic symphysis (Figs 1, 2, 3 and 4) and the obturator foramen is equilateral triangular with rounded angles when viewed from dorsally. The iliac crest is almost straight and thin (Figs 1, 2, 3 and 4). The caudal ventral iliac spine is well developed and prominent located just cranial to the cranial acetabular edge (Figs 1, 2, 3 and 4). The gluteal surface is more or less directed laterally (Fig. 2) . The ventral border of the ilium bears a flat surface just cranial to the auricular surface sloping from medial to lateral and extending to the cranial ventral iliac spine ( Fig. 1) . The middle third of the cranial half of the wing is markedly thinner than the dorsal and ventral thirds (Figs 1, 2, and 3). The arcuate line is more prominent (Fig. 1) and divides the sacropelvic surface of the body of the ilium into two almost equal medial and ventromedial surfaces. The medial surface is almost flat, while the ventromedial surface is concave (Fig. 1) . The pubis appears L-shaped ( Fig. 1) , and the ramus and table of the ischium are markedly narrow (Figs 1, 2, 3 and 4). The iliopubic eminence is not prominent (Figs 1 and 2 ). When viewed from dorsally or ventrally, the body of the ischium converges medially towards the ischiatic tuberosity (Figs 1 and 3 ). Each ischiatic tuberosity bears a concave depression caudolaterally (Figs 2 and 3), and the ischiatic arc is narrow (Figs 1 and 3 ).
The pelvic measurements were higher in females compared with males although not statistically significant (P > 0.05). Note the ovoid superimposed obturator foramina and very short ventral pelvic floor.
Femur
The femur is generally long and straight ( crest connects the greater and third trochanters (Fig. 6b ). The lateral and medial ridges of the femoral trochlea converge proximally, with the lateral ridge being thicker and more elevated compared with its medial counterpart (Fig. 6c ). The popliteal fossa is prominent, while the extensor fossa is absent (Fig. 6d) . The lateral supracondylar tuberosity is larger and located more proximally than its medial counterpart. Articular facets for the lateral and medial sesamoids of the gastrocnemius muscle (lateral and medial fabellae) are located just distal to the proximal border of the caudal surface of condyles (Fig. 6e) . A teardrop-shaped area of fat opacity is seen caudal to the distal femoral metaphysis just proximal to the lateral and medial fabellae (Fig. 5) .
Stifle joint
On the ML view, the patella is similar to that of a feline species with an elongated and pointed apex. There is a tuberosity on the cranial surface of the patella (Fig. 7) . The caudal surface of the apex slopes from caudoproximal to craniodistal (Fig. 7) . The lateral fabella appears bulbous elongated craniocaudally, whereas the medial fabella appears almost semicircular and rarely pentagonal or triangular (Fig. 7) . The popliteal sesamoid is seen as angular or ovoid (Fig. 7) . The distal physis of the femur and the proximal physis of the tibia appear similar to those seen in domestic cats and dogs, while the proximal physis of the fibula appears s-shaped (Fig. 7b) . On the CrCd view, the lateral and medial fabellae appear ovoid with the former elongated mediolaterally and the latter proximodistally (Fig. 8) . The popliteal sesamoid appears ovoid (Fig. 8) . The location of the popliteal sesamoid varies; on the CrCd view, it is seen superimposed on the lateral tibial condyle where it is poorly visualized (Figs 8 and 12a ). On the ML view, it is mostly seen caudoproximal to the tibial condyles with its distal extremity superimposed on the tibial condyles (Figs 5 and 7a) and rarely just caudal to the inter-condylar eminence (Fig.   7b ) or superimposed on the tibial condyles (Fig. 12b) .
In four animals with the age range of 7.3 years to 9.3 years (mean: 8.69 ± 0.9 years), a lateral meniscal ossicle was seen (Figs 8, 9 and 10a). The meniscal ossicle ring-tailed lemurs. Note the presence of a tuberosity on the cranial surface of the patella and the sloping of the caudal surface of the apex from proximocaudal to craniodistal (a, b). Note the presence of a popliteal sesamoid (black arrow heads) and a bean-shaped ossicle in the infrapatellar fat pad (white arrow head).
Note the bulbous and semicircular superimposed lateral and medial fabellae, respectively. Note also a concave Facies articularis capitis fibulae (a). Note the location further distally of the fibular head (a) which is almost similar to domestic cats. Note also the similar appearance of the distal (zig zag) and proximal physes of the femur and tibia, respectively, as in domestic cats and dogs and the s-shaped proximal fibula physis (b). appeared ovoid with a sclerotic margin, laterally within the lateral joint space on the CrCd view (Fig. 8) . It was not visualized on the ML view (Fig. 7a) . Another ossicle located laterally in the infrapatellar fat pad was seen in five animals (Figs 5b, 7a, 8, 9 and 10b) with the age range of 7.3 years to 22.8 years (mean: 11.51 ± 6.4 years). On the ML view, the former was mostly seen as an ovoid and rarely bean-shaped bone with a sclerotic margin in the cranial aspect of the joint (Figs 5b and 7a) . On the CrCd view, it was poorly visualized due to its superimposition on the lateral femoral and tibial condyles (Fig. 8 ).
Tibia and fibula
The proximal extremity of the tibia bears an undivided inter-condylar eminence (Figs 11a and 12a). The Facies articularis fibularis is prominent, ovoid with a convex articular surface (Fig. 11a) . The cochlea tibia presents with an almost flat surface without an intermediate ridge (Fig. 11b) . When viewed from distally, the Facies articularis malleoli which articulates with the Facies malleolaris medialis of the talus is convex and nearly straight (Fig. 11b) . The head of the fibula bears concave Facies articularis capitis fibulae on its proximal surface. The proximal and distal thirds of the body are almost circular in cross-section, while the middle third is semicircular in cross-section. The distal end of the fibula (lateral malleolus) presents with a medial articular facet and a distomedial articular surface (Fig. 11c) . The medial articular facet is almost flat and articulates with the fibular notch of the tibia. The distomedial articular surface, Facies articularis malleoli, which articulates with the lateral surface of the talus, (Facies malleolaris lateralis), is slightly concave sloping from medial to lateral (Fig. 11c) . 
Tarsus
The tarsus consists of seven tarsal bones, namely calcaneus, talus, central tarsal bone, fourth tarsal bone (T4), third tarsal bone (T3), second tarsal bone (T2) and first tarsal bone (T1) (Fig. 13) . The distal row of the tarsal bones is arranged in such a manner that it is almost semicircular in transverse section (Fig. 13) . The trochlea of the talus presents with almost equal-sized medial and lateral ridges separated by a shallow groove. The
Facies malleolaris medialis and Facies malleolaris lateralis are concave (Fig. 13) . The central tarsal bone is elongated longitudinally and positioned obliquely such that the plantar surface faces plantaromedial. The T3 is elongated longitudinally. The height of T2 is almost half that of T3. The first tarsal bone is roughly L-shaped with the distal half of the bone being elongated in a dorsoplantar direction and almost cylindrical in shape (Fig. 13) .
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Metatarsus and digits
There are five metatarsal bones, namely (mediolateral sequence); metatarsal (MT) bones 1-5 (Fig. 14) . The first metatarsal bone is markedly stouter compared to others with a greater medial divergence from the rest of the metatarsal bones. It is positioned in such a way that the dorsal and plantar surfaces face almost medial and lateral, respectively (Fig. 14) . There are five digits. Digit 1 has only proximal (P1) and distal (P3) phalanges, the middle phalanx (P2) is absent. It is shorter and stouter compared to the others (Fig. 14b ).
Metatarsophalangeal and inter-phalangeal joints
Each metatarsophalangeal joint has paired ovoid (axial and abaxial) plantar sesamoids.
The axial sesamoids of digits 1, 4 and 5 are longer than their counterparts, whereas in digits 2 and 3, the abaxial sesamoids are longer than their counterparts (Fig. 14) . An inter-phalangeal ossicle was seen in digit 1 in all animals. The former was seen as either ovoid or crescent shaped on the DPl view of the pes (Fig. 14b) .
Other findings
An area of mineral opacity was seen within the soft tissue of the external genitalia in female and male animals, which are believed to be os clitoris (Fig. 5a ) and os penis ( Fig.   5b ), respectively. Spondylosis deformans was seen in two animals; in one animal between the third sacral (S3) and the first caudal (Cd1) vertebrae and between Cd1 and the second caudal vertebrae (Cd2). In the second animal it was between Cd1 and Cd2.
Discussion
A well developed and prominent caudal ventral iliac spine in ring-tailed lemurs is related to the locomotor adaptation of jumping in this species (Sigmon and Farslow, 1986) . The former provides attachment for a well developed and powerful m. rectus femoris, which is an important extensor of the stifle joint during jumping (Sigmon and Farslow, 1986 ).
The caudal ventral iliac spine is also well developed in humans as an adaptation to erect posture whereby it provides an attachment for powerfully developed m. rectus femoris aiding in balancing (Sigmon and Farslow, 1986) . M. rectus femoris is not powerfully developed in monkeys and apes, and the caudal ventral iliac spine is not prominent as in ring-tailed lemurs and humans (Sigmon and Farslow, 1986) .
The markedly thinner area of the middle third of the cranial half of the wing of the ilium observed in this species might be a result of the presence of a stretching ligament, Ligamentum interspinosum (Jouffroy, 1975; Sigmon and Farslow, 1986) . The latter increases the surface of the ilial wings without increasing the weight of the bone (Jouffroy, 1975) probably as an adaptation for jumping. The Ligamentum interspinosum attaches to the cranial ventral and caudal ventral iliac spines (Jouffroy, 1975 ).
An almost laterally directed gluteal surface observed in this species is similar to domestic cats and dogs (Nickel et al., 1986 ) but different from higher primates (Sigmon and Farslow, 1986) . In the latter, the gluteal surface is directed more towards a dorsal direction as an adaptation to a postural habit of sitting or squatting (Sigmon and Farslow, 1986) . The latter can be observed in ring-tailed lemurs (Rand, 1935) but not as frequently as in higher primates.
The m. iliopsoas is double in this species (Sigmon and Farslow, 1986 ) consisting of m. psoas major and m. iliacus, which inserts to the lesser trochanter as in domestic cats and dogs (Nickel et al., 1986) . The presence of a concave and wide ventromedial sacropelvic surface of the body of the ilium in this species is different from domestic cats and dogs. In domestic cats and dogs, the ventromedial sacropelvic surface of the body of the ilium is smaller compared to the medial one. The m. iliacus which is being accommodated in the ventromedial sacropelvic surface of the body of the ilium is powerful in this species and functions mainly as a thigh flexor (Sigmon and Farslow, 1986) . The strength of this muscle is further supported by the presence of a prominent lesser trochanter.
The presence of a third trochanter in this species is similar to most strepsirrhines and callitrichids (Sigmon and Farslow, 1986) . The former provides insertion for m.
gluteus superficialis. A straight femoral shaft observed in this species is a characteristic feature in strepsirrhines and monkeys (Sigmon and Farslow, 1986) .
In domestic cats and dogs, the extensor fossa provides the origin for the long digital extensor muscle (Nickel et al., 1986) . The latter originates from the cranial border of the lateral tibial condyle, inter-osseous membrane and cranial surface of the head of the fibular in this species (Sigmon and Farslow, 1986) , which explains the absence of the extensor fossa on the lateral condyle of the femur in this study. In domestic cats and dogs, the extensor fossa is a useful landmark in distinguishing the lateral and medial condyles of the femur on the ML view of the stifle joint (Comerford, 2006) .
The visibility of the cranial articular margin of the femoral head on the VD view of the pelvis and CrCd view of the femur in all animals is the result of an almost perpendicular elevation of the margin from the femoral neck in this species. The visibility of the cranial articular margin of the femoral head should not be misinterpreted as a caudolateral curvilinear osteophyte (Morgan's line) (Mayhew et al., 2002) or physeal scar (Thrall and Robertson, 2011) . The cranial articular margin of the femoral head has also been observed in domestic dogs when it is presented en face to the primary beam (Gibbs, 1997) .
The presence of a tuberosity on the cranial surface of the patella and the extent of its mineral opacity indicates the high strength of the m. quadriceps femoris. The latter is large and powerful in this species and is related to locomotor adaptation of jumping (Sigmon and Farslow, 1986) . The radiographic evidence of both medial and lateral fabellae in all animals is different from humans and domestic cats. In domestic cats, the medial fabella may not be visualised radiographically (Arnbjerg and Heje, 1993) whereas in humans, both the lateral and medial fabellae may not be visualised radiographically (Zeng et al., 2012) .
The two types of ossicles seen in the stifle joint of the healthy ring-tailed lemur are normal anatomical findings in this species and should be differentiated from intraarticular calcified or ossified lesions and bone fragments from avulsion of the lateral collateral ligament and cranial cruciate ligament in the stifle joint. The presence of the sclerotic rim surrounding the ossicles in our study is similar to the radiographic appearance of the ossicle of the meniscus in humans (Bernstein et al., 1976) . The sclerotic rim represents a cortical bone surrounding a trabecular bone (Bernstein et al., 1976 ) although this was not proven histologically in our study. The ossicle of the meniscus has been reported to occur in species of domestic (Thrall and Robertson, 2011 ) and non-domestic cats (Ganey et al., 1994; Kirberger et al., 2000; Walker et al., 2002) . In the Bengal tiger, the ossicle of the meniscus has been associated with running and jumping whereby the ossicle probably provides a mechanical fulcrum to accommodate the dynamic change in the shape of the meniscus during extension of the stifle, which prevents erosion of the articular surface of the femur and tibia (Ganey et al., 1994) . This might also be true for the ring-tailed lemur since their locomotor habit involves springing and branch running (Ankel-Simons, 2007) .
The occurrence of the ossicle in the lateral meniscus and its location, observed in this study, is different from domestic cats (Whiting and Pool, 1984) in which the cranial horn of the medial meniscus is involved. The ossicle may involve the medial, lateral or both medial and lateral menisci in primates (Ganey et al., 1994) . In man, the intrameniscal ossicles are very unusual, and the medial meniscus is highly involved compared to the lateral meniscus (Le Minor, 1990) . The cause of variation in the location of the ossicle within the different species cannot be ascertained properly and warrants further research. The presence of the ossicle in the lateral meniscus of the ring-tailed lemur has also been observed previously (Le Minor, 1990) . In a study involving the morphology of the lateral meniscus, Le Minor (1990) found that in the genus Lemur where 32 subjects were studied, 13 had one ossicle located at the junction of the body and the cranial horn (usual level), 11 had two ossicles, one located at the usual level and the second in the caudal horn and 8 had no ossicles. However, in this study, only one ossicle was seen located in the body of the lateral meniscus. To the best of our knowledge, the occurrence of an ossicle in the infrapatellar fat pad has not yet been described in healthy domestic and non-domestic animals.
The elongated appearance of the central tarsal bone in a longitudinal direction is related to the locomotor adaptation for jumping in this species. In strepsirrhines, higher values of tarsal length as a percentage of total foot length are found in Galago which has an elongated calcaneus and central tarsal bones which increase the tarsal leverage for jumping (Sigmon and Farslow, 1986) . The oblique orientation of the central tarsal bone and the dorsoplantar elongation of the distal half of T1 is a result of the rotation of MT1 and digit 1. The stoutness and medial divergence of MT1 and digit 1 away from the rest of the digits and metatarsal bones are related to the feet being an efficient grasping tool in non-human primates (Ankel-Simons, 2007) .
Variation in the longitudinal length between axial and abaxial metatarsophalangeal plantar sesamoids of the same digit has also been observed in non-domestic cats (Kirberger et al., 2000 (Kirberger et al., , 2005 . In non-domestic cats, the axial sesamoids were longer than their counter parts (Kirberger et al., 2000 (Kirberger et al., , 2005 .
In the human, the location of the inter-phalangeal ossicle directly plantar to the inter-phalangeal joint of digit 1 is associated with the development of anatomical, biomechanical and clinical pathologies (Roukis and Hurless, 1996) . They are usually single and bilateral (Roukis and Hurless, 1996) although the presence of double ossicles has also been reported (Davies et al., 2003; Suwannahoy et al., 2012) . In humans, they can be located plantarmedial, plantarlateral or plantar to the inter-phalangeal joint of the hallux and their shape varies from spherical, oval, elliptical, rectangular or triangular (Roukins and Hurless, 1996) . Its frequency in human varies greatly where it can be as high as 91% and as low as 0% (Masaki, 1984; Roukis and Hurless, 1996; Msamati and Igbigbi, 2001; Dharap et al., 2007) . The presence of the ossicle in all healthy animals in this study suggests that the ossicle is a normal anatomical finding in this species.
It was difficult in this study to obtain a true DPl view of the metatarsals and digits as a result of the curved arrangement in a transverse direction of the distal row of the tarsal bones and rotation and abduction of digit 1 and MT1 from the rest of the digits and metatarsal bones. Further, the bone measurements obtained in this study will be slightly higher than the actual values as a result of the effect of magnification (Berry and Thrall, 2007) . Spondylosis deformans which has been observed at the sacrococcygeal and between the cranial coccygeal vertebrae in this species is most likely related to more strain exerted in this area as a result of the standing position of the tail during jumping, running and walking.
Although the pelvis and pelvic limb of the ring-tailed lemur shares more anatomical features with domestic cats than with dogs, it also possesses some unique anatomical features. Variations exist in the normal osteology and radiographic anatomy of the pelvis and hind limb of different animal species. Knowledge of the osteological and radiographic anatomy of the pelvis and hind limb of individual species is important for species identification and interpretative purposes. The use of only atlases from domestic cats and dogs for interpretative purposes may be misleading.
